Purpose. The aim of this study was to examine the process of how motor skills were developed and shaped in boys and girls in relation to their rate of maturation, based on the use of peak height velocity (PHV), which measures biological maturity.
Introduction
The development of motor skills in humans is a subject of on-going interest for both researchers and practitioners of physical education and sport. Tests used to determine various aspects of physical fitness focus on individual as well as collective motor skills. Of particular interest is the period of adolescent maturity due to the different rate and rhythm of how individual motor skills develop.
The development of motor skills has been studied in children and teenagers practicing sport [1] [2] [3] [4] as well as how environmental [5, 6] and genetic [7] factors influence motor development. In addition, the results of studies have also been used to create a set of physical development norms [8, 9] . Most conclusions were based on the use of cross-sectional [10] [11] [12] or longitudinal [13] [14] [15] [16] [17] [18] studies, which used calendar age as a criterion of maturity. However, biological age is a more objective benchmark as in this case the influence of somatic development, providing more individual data as rate of maturation, is taken into account when performing various motor tasks. Frequently, biological maturity is determined by peak height velocity (PHV), or the maximum velocity in statural growth during adolescence.
The use of PHV has been widely applied in practice as it allows for an individual look on the maturity process and its evaluation [8] .
The aim of this study was to try to find out how the rate of maturation, based on peak height velocity (PHV), can influence motor skills, and particularly, how the development of speed, strength (static, dynamic and explosive), static endurance, flexibility and agility progresses in boys and girls. The issue in question is not novel, however, there are few studies which analyze this issue in a wider context by taking into consideration sex, age and a number of different motor skills at the same time, and, what is even more important, basing their research on longitudinal studies carried out on the same group of subjects.
Material and methods
Throughout 1980-1990 the University School of Physical Education in Kraków, Poland conducted an interdisciplinary, longitudinal study on adolescents. It included 820 students (460 boys and 360 girls) from schools in Mistrzejowice, a district in Kraków, Poland. The subjects were all urban schoolchildren and formed a relatively homogeneous population, taking into consideration their socio-economic and cultural background.
The study measured the children's physical characteristics, motor skills, mental growth and their ability HUMAN MOVEMENT to learn, with the results later presented in a few publications [10, 13, 14] . The motor skills tested in the study used a modified version of the International Physical Fitness Test, with the largest differences being that the static strength of both hands was examined (not only the dominant arm), long run was not performed, and the bent-arm hang was used instead of pull-ups for 12-year-old and older boys in order to test static endurance of the upper limbs and shoulders. Altogether, the modified physical fitness battery was used to assess speed (50 m dash), the explosive strength of the lower limbs (standing broad jump), the static strength of the right and left hand (measured by a hand dynamometer), running agility (4 × 10 m shuttle run), the dynamic strength of the abdominal muscles (by the number of sit-ups completed in 30 s), the relative strength of the upper limbs and shoulders (bent-arm hang), and flexibility (sit-and-reach) throughout the subsequent years.
This study selected a sample size of 296 boys and 196 girls aged 8-16 years based on the large sample size of these particular age groups as well as these pupils participating in all physical fitness tests. The age of peak height velocity was then determined based on the individual data for each of the studied children. The average age of maximal peak height velocity was then calculated, being 13.11 years for boys and 11.32 years for girls (Tab. 1). The obtained average age of PHV in boys and girls were found to be similar to the results published in other studies [9, 15, [18] [19] [20] .
On the basis of the values of the median and quartiles of PHV age for both sexes, the examined were then divided into two cohorts: early maturers and late maturers. Accordingly, early or late-maturing boys and girls constituted the I and IV distribution quartiles, respectively, with average maturers in the middle. The mean age and the numbers of subjects in each cohort are presented in Table 2 . The group of early maturers included boys who had their PHV before 12.5 years and the group of late maturers were those whose PHV occurred after 13.99 years. Girls who had PHV before the age of 10.5 years were recognized as early maturers and those with PHV after the age of 12.5 were considered late maturers.
Next, the mean values and standard deviations were calculated for the physical fitness test results among the biological age cohorts for boys (Tab. 3) and girls (Tab. 4), with the significance of differences was assessed with the Student's t-test. Subsequently, the means of each motor skill in the cohort of early maturers were standardized among the means and standard deviations of the late maturers.
Results
The differences in the obtained results between the cohorts are illustrated by profiles of the standardized differences for each of the examined motor skills. In order to better present the results, the negative and positive values of the standardized factors of the speed and agility tests were replaced (as a shorter completion time signified a better score).
In each of the studied calendar ages, the early-maturing boys ran the 50 m distance faster than the late maturers. Statistically significant differences appeared in the period from those who were 11 to 16 years old (the significance level was set at p 0.05). The greatest differences were observed at the age of 14 and 15 years. In girls aged 8 to 13 years the results of the early maturers were better and a statistically significant difference is observed at the age of 11. Late-maturing girls presented better results at the ages of 14, 15 and 16 years ( Fig. 1) .
Early-maturing boys had better results in explosive strength of the lower limbs for each calendar age with significant differences found between the ages of 11-16 years. The girls did not present any consistent trends. 
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At the age of 8, 10, and 14 there were no differences between the groups. At the age of 11, 12, and 13 years the early-maturing girls performed much better (Fig. 2) .
The profiles illustrating the differences in strength measured by a hand dynamometer were found to be similar for both sexes, i.e., during the whole period under observation the early-maturing boys and girls performed better than the late maturers. The differences increased in the younger ages and in boys aged 12-14 years and in girls aged 12-13 years were the greatest. The differences became smaller in later years (Fig. 3, 4) .
Early-maturing boys performed better in the shuttle run test when aged 8, 12, 13, 14, 15 and 16 years, with the differences being statistically significant. The differentiation in girls was found to be a complex issue. better results were obtained by the early-maturing girls aged 8, 11 and 12 years, but at the ages of 9, 10, and then from 13 to 16 years the cohort of the latematuring girls performed better (Fig. 5) . Profiles illustrating the differences in the number of sit-ups from a lying position were found to be different between the sexes. Early-maturing boys obtained better results (statistically significant) than late maturers. Only the ten-year-olds presented a slight difference favoring late-maturing boys. Girls presented a contrary relationship: better results were found in the cohort of late maturers. There was no significant difference at the age of 11 (Fig. 6) .
In the bent-arm hang test, the late maturing boys obtained better results between 8 to 11 years, whereas Sit-ups Bent Arm Hang Figure 4 . Profiles of standardized differences in the test of static strength of the left hand from 12 to 16 years the early maturers presented significantly better abilities. completely different results were observed in girls: in all age groups the cohort of late maturers showed much better skill development (Fig. 7) .
For the sit-to-reach test, higher flexibility was found in the cohort of early maturing boys for each calendar age. The greatest difference appeared at the age of 16. Quite different profiles were noticed in girls at the age of 8, 9, 10, 12, and 13 years, where better results were obtained by the late maturing girls, while at the age of 14, 15, and 16 years early maturers performed better with significant differences found at the age of 15 and 16 ( Fig. 8) .
Discussion
There is no doubt that there is a connection between PHV and motor skills. Most studies found a stronger relationship in boys than in girls between developmental age and fitness [20] [21] [22] [23] . This phenomenon was confirmed in the present study as the early maturing boys obtained better results in most tests, specifically in tests of speed, agility, static strength of the hands, explosive strength of the lower limbs, dynamic strength of the abdominal muscles and flexibility.
However, differences quickly grew with age. Only in case of static endurance of the upper limbs and shoulders at the age of 8-12 years did the late maturers obtain better results. It is obvious that adolescents who mature earlier have taller statures than those who mature later, therefore any motor skills dependent on body height should be better developed in these individuals. A number of studies [11, 19, 21, 24, 25] confirm this fact, such as where tests of static strength indicate a rectilinear connection with body height or that taller individuals obtain better results in the standing broad jump. body proportion, in this case having longer lower limbs, might be of crucial importance in the development of motor skills.
In the present study the biological age differentiated variously with the development of motor skills in girls. The early maturers were characterized by more endomorphic and mesomorphic body types [12, 26, 27] , which should affect their fitness levels. In the case of static strength of the hands, the observed differences favored the early maturers. In addition, in the speed tests the same cohort presented slightly better results. Tests of explosive strength of the lower limbs, agility and flexibility were found to not differentiate between the early-and late-maturing girls. Significant differences favoring the late maturers were observed in the test measuring the dynamic strength of the abdominal muscles, and particularly, in the tests of static endurance of the upper limbs and shoulders. This might result from a more leptosomatic body build of late-maturing girls. It can be assumed that body weight also is an important factor in these tests as they would be easier for lighter individuals.
However, while the rate of maturation and somatic features are important factors, Malina and bouchard believe that they do not determine sports performance [28] . Early maturers achieve better results in motor tests as somatic development is grounded in strength and endurance development. These individuals are also taller and heavier and have higher body mass in relation to height, which is more advantageous in most motor tests when compared to normal-and late-maturing individuals. According to Łaska-Mierzejewska, early maturers achieve rather short-term success in children's competitions over late maturers and in those disciplines where body size counts [29] . However, they later frequently give up sport or are outpaced by their normal-or late-maturing peers who are characterized by thinner body builds, which is more advantageous in several sporting disciplines.
Data on sexual maturation and the ability to categorize pupils into groups of adolescent maturity may make it easier to recognize gifted future athletes. Following Łaska-Mierzejewska's juxtaposition [29] , if a late maturer achieves excellent results in fitness tests when competing with similarly-aged peers, this may be used as a form of talent identification and indicate an individual's propensity towards sporting success. If an early maturer achieves better results among their peers, this rather may indicate only a temporary improvement in physical fitness and motor skills.
Conclusions
1. At a younger age the rate of somatic development does not affect motor development.
2. The rate of maturation significantly influences the results of fitness tests and is particularly demonstrated in boys, who achieved better results in most of the analyzed motor skills.
3. The motor skills best performed in all age groups and in both sexes by early maturers were in tests of static strength of the hands. In the group of boys, early maturers in all age groups also performed the best in tests of speed and explosive strength of the lower limbs. 
